Two experiments were conducted to determine the nutritional value of hominy feed and impact of an enzyme preparation in broiler chickens diets. In the fi rst experiment, 480 one-day-old chickens were fed 6 experimental diets (treatments) from the day of hatching to 35 days of age with increasing quantities of hominy feed replacing 0, 50 and 100% of maize. The diets were fed with or without enzyme supplementation. Each treatment consisted of 10 replications, 8 birds per replication. During the entire period, chickens from the group receiving maize had a lower (P<0.05) feed conversion ratio (FCR) in comparison with other experimental groups. Body weight gains were also reduced (P<0.05) when maize was substituted by hominy feed. Addition of enzymes improved FCR (P<0.05). Experiment two was carried out using 120, 21-day-old Ross male chickens in 10 treatments, 12 birds per experimental group. Birds fed maize hominy diets had the lowest organic dry matter and N-free extractives apparent digestibility coeffi cient (P<0.05). Hominy diets also had a lower AME N value (P<0.05). Enzyme addition improved the apparent digestibility of all nutrients (P<0.05) except crude fat.
INTRODUCTION
Maize is one of the main cereals used in feeding broiler chickens worldwide. It is free of viscous non-starch polysaccharides, the major anti-nutritive factors MATERIAL AND METHODS The sample of hominy feed (maize grits by-product) used in the study was obtained from Bio Corn Company. This product was formed during dry maize milling for table maize meal, production of pearl hominy, and maize grits. At the beginning maize was screened initially to remove crop residues, fi nes, and broken kernels, and then it was washed and tempered with water or steamed to achieve a moisture content of about 200 g·kg -1 . Then, using a de-germinator, germ and pericarp were separated from endosperm. The purpose of this process is to isolate the maximum amount of endosperm (starch) by removing as much germ and pericarp as possible. However, the separation of endosperm fractions is incomplete, resulting in residual germ and pericarp remaining attached to the endosperm. These remains are subsequently removed by aspiration and screening and next sorted by size to yield large, medium, or fi ne grits, meals, or fl ours. Feed by-products of this dry-milling process include bran, broken kernels, germs and inseparable fractions of germ, pericarp, and endosperm; optionally oil is also removed from germs. These materials usually are marketed as maize grits byproduct, or hominy feed, or Corn Mix on the Polish feed market.
Experiment 1
The experiment was conducted with 480 one-day-old Ross 308 male chickens. On arrival, 10% of the birds were weighed and average arrival weight of the fl ock was calculated. Birds were kept in 60 fl oor pens, 8 cockerels per pen (16 birds per m 2 ). The room environment was managed according to the requirements for broiler chickens. All diets were formulated to be isonitrogenous and isocaloric (Table 1) . All birds were fed ad libitum, mash diets, Starter from day 1 to 14, Grower from day 15 to 35. Maize-based diets were used in groups M and M+E. Birds from groups MB and MB+E were offered diets based on maize grain and hominy feed. Birds from groups B and B+E received hominy feed-based diets. In addition, diets in groups: M+E, MB+E, B+E, were supplemented with an enzyme preparation (Avizyme 1500, Danisco Animal Nutrition, UK). The feed enzyme Avizyme 1500 contained per g: protease (Bacillus subtilis) 4000 U, alfa-amylase (Bacillus amyloliquofaciens) 400 U, xylanase (Trichoderma longibrachiatum) 300 U and pectinase (Aspergillus aculeatus) 25 U (according to the producer's declaration).
Body weight (BW) and feed intake (FI) were measured in weekly intervals, while the body weight gain (BWG) and feed conversion ratio (FCR) were calculated at the end of the trial. During one day in the fi fth week of the experiment, 10 chickens from each group were sacrifi ced by cervical dislocation. Birds were slaughtered with the aim to perform a simplifi ed post-slaughter analysis which comprised: determination of dressing percentage as well as the proportion of breast muscles and abdominal fat as compared with carcass weight. The eviscerated carcass (with neck and the ends of wings) without giblets was weighed to determine hot dressed yield. All weights were recorded to the nearest 0.1 g.
Experiment 2
One hundred and twenty, 21-day old Ross male chickens with a mean BW of 377 g were used in the experiment. A total of 10 experimental groups was replicated 12 times. Six experimental groups received grower diets from Experiment 1 (Table  1) . Broilers from group PM and PM+E were offered diets composed with maize 990 g·kg -1 and 10 g·kg -1 grower vitamin-mineral premix, while in groups PB and PB+E, the diets were composed with 990 g·kg -1 hominy feed and 10 g·kg -1 grower vitamin-mineral premix. Diets in groups PM+E and PB+E were supplemented with the same enzyme preparation as in other diets (Table 1) .
The birds were kept individually in balance cages. The chickens received mash diets ad libitum. The balance trial lasted eight days and was divided into two periods: a preliminary 5 d period to adapt the birds to balance cages and a 3 d excreta collection period which started and fi nished with 12 h feed deprivation. In the last period, feed intake was strictly recorded and excreta were collected quantitatively two times per day and immediately frozen at -18 o C.
Analytical methods
The samples of hominy feed (Corn-Mix) used in the study were obtained from Bio Corn Company. The concentration of dry matter, crude protein, crude fat and crude fi bre in maize grain, hominy feed, diets and excreta were determined using the AOAC (1992) procedure. Crude protein was determined by the Kjeldhal method (Foss Electric Company, Denmark).
Prior to analysis, excreta samples were homogenized with the use of stomacher homogenizer (Interscience, France), then freeze-dried (Christ 1825 Medizinische Apparatebau 326 Osterode/Harz) and ground (1 mm screen).
Calculations and statistical analysis
The apparent digestibility of nutrients and apparent metabolizable energy value were determined by the classical method. AME N was corrected to zero nitrogen balance using 34.4 kJ/g N retained (Hill and Anderson, 1958) .
Statistical analysis of results was performed using the General Linear Models procedure (GLM) of the SAS ® according to the following general model:
where: Yij -the measured dependent variable; µ -overall mean; α i -the effect of hominy feed; β j -the effect of enzyme preparation; (αβ) ij -the interaction between hominy feed and enzyme preparation; εij -the random error.
Means were compared pair-wise using Duncan´s multiple range test. Apparent digestibility of hominy feed and grower diets (experiment two) were analysed separately as two independent experiments.
RESULTS
The composition of hominy feed was: g·kg -1 : dry matter 880; crude protein 98.6; fat 96.7; crude fi bre 50; gross energy 18.9 MJ·kg -1 ; neutral detergent fi bre (NDF), 12.6; acid detergent fi bre (ADF) 4.92.
The results of experiment 1 are shown in Table 2 . BWG was reduced (P<0.05) when maize was substituted by hominy feed. Taking into consideration the entire experimental period, the lowest (P<0.05) BWG were measured in birds fed hominy feed-based diets (B and B+E). During the entire period (days 1-35 of life), chickens from maize-based diets had better (P<0.05) FCR in comparison with the other experimental groups. The worst (P<0.05) FCR was measured in chickens fed hominy feed B diets. The use of the enzyme preparation in groups M+E, MB+E, B+E did not infl uence the FCR and BWG results in relation to groups M, MB and B, but a slight tendency to improve the examined parameters was recorded. In the case of BWG and FCR, a statistically signifi cant interaction (P<0.05) between hominy feed and enzyme supplementation was recorded. Analysis of variance showed that chickens fed the hominy feed diet with the enzyme preparation had better growth performance than those without supplementation (P<0.05), but in the case of maize diets, enzyme supplementation depressed BWG and FCR. Irrespective of enzyme supplementation and inclusion of hominy feed, no differences were found in the dressing and breast muscles percentage. The only statistically signifi cant differences were in abdominal fat content. Analysis showed that the highest content of abdominal fat was measured in birds fed the enzyme-supplemented hominy feed/maize diet (P>0.05). The lowest abdominal fat content was recorded in the birds consuming hominy feed diet (P<0.05). The results obtained in experiment 2 are shown in Tables 3 and 4 . N-free extractives (NFE) digestibility was reduced in an almost linear manner as the concentration of hominy feed in the diet increased (r=-0.92). The addition 14.49 a 13.91 b 13.49 b 13.73 b 0.10 0.0008 0.2740 0.0159 means in the rows with different letters are signifi cantly different at P≤0.05; DM -dry matter; SEM -pooled standard error; MB -effect of hominy feed; E -effect of enzyme preparation; MB*E -interaction of the enzyme preparation signifi cantly improved NFE digestibility in the groups where birds were fed hominy feed. Supplementation of the maize/hominy feedbased diets with the feed enzyme improved (P<0.05) nitrogen retention. Fat apparent digestibility increased as the hominy feed content increased. Hominy feed-based diets had a signifi cantly lower apparent metabolizable energy (AME N ) than the maize-based diets (Table 3 ). Enzyme addition signifi cantly increased the AME N value in diets by an average of about 0.38 MJ/kg. In diets based exclusively on hominy feed and maize, the digestibility of maize NFE was signifi cantly higher than that of hominy feed (90.2 vs 73.6%; Table 4 ). There was no difference in nitrogen retention between maize and hominy feed. Fat apparent digestibility was higher (P<0.05) in hominy feed in comparison with maize. The addition of the enzyme preparation had no impact on the utilization of any nutrients. The AME N value of maize was signifi cantly higher than in hominy feed and there was no effect of the added enzyme.
DISCUSSION
The results of the trial demonstrate that nutrient utilization of hominy feed and hominy feed-based diets is lower than of maize and maize-based diets. This is in agreement with the results of Rodrigues et al. (2001) . It is likely that the relatively higher NDF content in the diets containing hominy feed was responsible for the poorer AME N value and apparent digestibility of DM and nitrogen retention. The measured performance results are in agreement with the data recorded in experiment 2. Chesson (2001) showed that maize kernels contain 111 g/kg of total non-starch polysaccharides (NSP) with 23% arabinose and 30% xylose. The negative effect of total NSP on nutrient digestion and absorption in poultry is well recognized. The soluble fraction of NSP adversely effects digestion and absorption due to increased viscosity of the digesta, but chiefl y when the diet is based on wheat or barley. It should be stressed that hominy feed contains mainly insoluble NSP. Water-insoluble NSP can be considered practically indigestible for poultry. As was shown by Kirwan et al. (1974) , high level of insoluble fi bre in the diet may increase the passage rate of digesta, which can be related to lower nutrient digestion and absorption. This may explain the worst production results when chickens were fed hominy feed-based diets in experiment 1. The FCR of those chickens was over 21% worse than of chickens fed maize-based diets.
It can be concluded that the worst utilization of NFE found in groups B, B+E, PB and PB+E may be the effect of high non-digestible insoluble NSP concentrations. The ability of chickens to digest plant cell walls is very low . This is a consequence of the short digesta transit time and also the selective mechanism situated in the caecum-colon region that prevents large cellwall particles from entering the caecum, as well as low cellulolytic activity of caecal bacteria (McNab, 1973; Józefi ak et al., 2004) . AME N recorded in this experiment was lower in the groups fed only hominy feed (B, B+E, PB and PB+E). The low values of AME N for hominy feed in young chickens were not surprising in view of the corresponding low NFE digestibility. Also other authors (Rodrigues et al., 2001) reported that cereal by-product inclusion may reduce the AME N value due to the high level of insoluble NSP. However, it should be emphasized that some authors (Carré, 1990) show that the insoluble NSP exert little effect on nutrient utilization.
It is generally recognized that in chickens, enzyme preparations containing xylanase, β-glucanase, pectinase and cellulase may improve digestibility of nutrients and production results when NSP-rich components are used. reported that NSP-degrading enzyme cocktails may improve production results as well as starch and NSP digestibility within the ileum. It has been proposed that the mode of action of carbohydrase enzymes consists in the degradation of high molecular weight polysaccharides to simple sugars, oligosaccharides, and low molecular weight polysaccharides (Castanon et al., 1997) . In the presented experiment, no statistically signifi cant effect of the applied enzyme preparation was found, but a slight tendency to improve digestibility was recorded. It is possible that these improvements were the effect of the enzyme supplementation. Xylanase and pectinase present in the enzyme preparation may degrade cell walls exposing encapsulated nutrients to digestion (Svihus et al., 1997; . This may explain the worst organic dry matter and NFE apparent digestion coeffi cient when chickens were fed the hominy feed-soyabean meal diet and only hominy feed-based diet without enzyme supplementation in comparison with diets supplemented with the feed enzyme.
It should be emphasized that the presented results are total tract digestibility and the effect of microfl ora may be signifi cant. Microorganisms compete with the host for the utilization of dietary ingredients in the digestive tract.
The presented results show that hominy feed and enzyme inclusion did not infl uence slaughter yield. Only in the case of abdominal fat content were some differences recorded. It may be concluded that the lower AME N value predisposed to poorer abdominal fat deposition when chickens were fed hominy feed.
CONCLUSIONS
It can be concluded that use of hominy feed in the diet depresses body weight gain and feed conversion ratio, and that the response to exogenous enzymes was more pronounced in the diets containing higher concentrations of hominy feed.
Future work will focus on the economical impact of hominy feed inclusion and assess the effect of other enzyme combinations on the nutritional value of maize and hominy feed for broilers.
